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1MHz - lOOMHz^l 0.01mm ~ 2.0mm^ ^o]v\ t ^ mm 2 ^ ^3 

^ ^ oK}E}- -g-^ol^ 7^*1-711 ^Cf. 

S. 2c 
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JL^r ^f^l^-g- Jl^sJ- ^ ;£*K HIGH-FREQUENCY DITHERING PROBE FOR 

HIGH-SPEED SCANNING PROBE MICROSCOPY} 

£ l£ ¥r^S.EL^ M-E^Hflcf. 

£ 2b^ £ 2a^ -n^Bf ^^l-g^V^ 

£ 2d^ SE ^aHI^H 71^)^1 

£ 3a^ £ 2c°f| ^^-§^}# °1 -§-*!: ^> W^l^ j£ 

£ 3b^r £ 2cH S^ltb °l-§-tb ^> W^l^ n^-i- iL 

51 4^ -H^sf ^3*! ol-g-tt 31*1-^133 ^-g- 7fl^o.S q- 
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£ 6a ^ 6b^ Qx}^^v}%°.3. CD ^ °-^H , £ 

6a^r topography)-!- J±«*J^, 5. 6b^ ^.c^^cf. 

£ 7a^ 7.4 X7.4 mum 2 ^ 0.42: *«?H ll^fr £ 7b ^ 1.8 x 

1.8 mum 2 ^ ^-g- 23L -^^1 ^^14. 

*** S.^^ ^^.^-g-oll tifi-GV if 32. -M 1 ^ *** 
20: JI^Hf ^^1^*} 21:^1^- 
22:^-^ 23:^M1 
24:^-Fr 

<i7> -^r^l^ (scanning probe microscopy : SPM)£r Si^?}- ^^-s>Jlx> 

*Rr ^ 2r-fS ol^r^i 3.^2) TSr^l^ 7]e}- 

^ €^1^^: ^Htr 1 ^. ^r^l^ 6 )!^ STMCscanning tunneling microscope), €*rt)^i 
(atomic force microscopy : AFM), tE-^^ ^^^(near field scanning 

optical microscope : NS0M), ^f^l^ ^l 13 ]^ (magnetic force microscope: MFM) 
7}^1 $X^. #^S*1^£- ^ ^ nfl&^l n *>7fl(200 
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- 300nm)# 7>*lfec||, o]^. ^MJL ^tf ^T^nl^ ^nl^o] 7 > 

^A]^ ^£ 51^5.5. ^11- il^r 3°1 ^*r^ D l^°ltf. 
^*H§ig ^"^j* ofl-f ^.c. (zl -g-^ ;g_t} 3)- Tfl) ^1^1-711 (dithering) 

H ^21 371 » ^tK£-3.*| ^% lo l ^<Hl ^3*1 *r ^# *Hrl=r. *1^Rt 

isjeJol ^7l(^S.)7V ) Al^ef #%lo] ^ ol# nfl^ oj ^ <g>g^. 

&-§: 7\A^A 3. 7l5^7> 7\V\3\Z\T&X\ §71 Al^-i}. °) # 

7l ^JfEi £L7fl #7l trfl-g-ofl e^o] Jfg^M *H1 7\ 5^ ^ 2:*^ 

<18> EJ-^o] X\g_S± ^1- ^£ ^ 

^l-g-5->£^- % ^rS. Sit)-. ?&7}-2) ^-fl- Efl^gSH (tapping mode) Sfe Q*g3- = 
(jumping mode)e^3l sj-ZL, -f ^>«1 4=1 o]£i£E( shear force mode)&r^l ft^h 

<19> tg^^^.^ oj-aio. <^ 7 >xl7> &cf. 6fl^ 1:^, ^ ^ 

"J^-tt y o^i SU, ^r^-f^q o^^o] tuning fork)# ^-g^^ ^-f 

°l-f-tK(K. Karrai et. al . Appl . Phys. Lett. 66, 1842 (1995).) #^i^(10)^, £ 
1<H1 2<>1, ^ M-fi-tr ¥7HS1 7Mf 7>^1 5. SUr^l tr 

^ 7}*H ^-^-B-S ^ #^(13)# *ol7l7l- -g-o]^ ^-^^l^l-Tfl A>-g-£lJl olcf. ^ 
^135] ^(llHl al-fr*!*^ ^5f^5l ^oj-g- 7 |.^ e^ l3 oj t= 7 ]. 

(12)ofl -fj-SLSM M-8rCf. 4^ ^ r ^i3S] 7>*H1 #o]j7 ^oj-^. 71-5]-^ ^ 

22-6 



1020010002188 2001/4/2 
nJ-eM -g-^°l^l, 7>^^1^ ^^(shear forceHl SJ*IM 

^4. ^ -B-H^ €^ ^ a) s^Kr ^43-°^- 

^l^ul ZL ^9] ^^^-O.^^ ^-^4 A1S.S1 71 ^ 

*r 9X^ $W?h <2^1 Al^Vol u)^- _$_efl ^ 

SH ^ £ fS-^r *1*H1 £*Kr #^11- #^SKr %o] !;7>^-^t4. ZL 

^ ^l^l- ^31=13. <?]SH ^(scanning) 4-5.7} i^7l ^^ojc}. 

13^ «2J#<2] ^^-g^Ai ZL ZL-e-^l^^^r ^ ^ ^ kHz^l ^il, ^ 
i^ofl JjLaJ-^ El-^o] ^ ^s}.^t£ ^ Aj #3f^>c^ ZL tiV-g- ^£7} -el^S. ^ 

43-2.3. ^ ^5=1- tg^rc^j!, ^#^5. <8#-g- <gi^f) ^el^r *l#-g- ^e^Tll 

<21> ^. ^^^nl^ofl A}-g-£^ &<>H, ^> ^£1" 7^ 

*M ^ *R> MH ^1IL€- ^H^}^, ^ ^S^Hrr #*H^ ^S. 7}^n ^C-ll ZL 
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<22> 1MHz ~ lOOMHzfil ^^HjI, 0.01mm - 2.0mm^ «^<^ ^-^) 

S ^ mm 2 5^0} j7^2j- ^^^^^>Sf, *r 

MHz^H =^ ^ MHz^l iHr^S. ^efl^ ^i^ofl w^l-a} «V-g- ^£7 r 100^11 t^r 

xiji, ^mi i/ioo^. #<a ^ SU^K 

<24> ^1^*}^ ^^*H1 t^l 7>7}2f X] 71 M- ^<H^ °fl 

o] 71 5^ oil ^ ^Z^O.^ 1&-§-SH #71^- feo^l}^, ^ ^^^.cq «V 

tel-^lcf. ^^^l^^>sl response time)7 r ^ 

quality factor o]jt f 0 ^ Jl-fr ^-g^4^r°l . Ql" #^MM- f 0 

« fe°l^ tiJ-§- #£1: ^ ^ ^4. ol-sM, #^3# M nl ^ ^s-Al 71 

^ A>-g-^ If^o} ^ ^T^r "tBl-^4. 

<26> -S^t-l^ofl oiolA^ ^1^ ^-^3 (dithering probe) ^ *]--§- ^jz}- ^ 

*<H 5l^°J(feedback)l- «fl^r ^7lS]5.^ *}--§- #£7} ^-^1) ^£l^°> SKu, of^-Ei 
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7l(lock-in amplifier)^ X\# A^ofl ojsj] ^sflxl^ ?&^-7\ ^tfl, n. °]^±= S-3.<£ 

<27> ^^lES] ^^^1 tilBll^Cll, 3}-7ll 

^>-§-W. ^l^Tfl ^ AlJ:^ i^o] ^71^ #-g-ofl ^Tfl ^ «1&)7l ntf-g-ofl iiLiEL<>] 
5]^^^: tt^-. °1 DC#^^ Us. cfl ^-S-wl (signal to noise ratio)-& 

2.^- ^£32] €- ##°11 7l^ltt 3°lrK ^ 1^ ^-i- 7l-*jM£ tfl 

<28> O] Sfl^ ^ ^7l^o] ^ 

^1S7> H7l nfl^-ofl Aj-^o.^. #0.0) ^A-j, S3°J ^§M» A>-g-§>xl Qo}S_ ^ 



<29> £ ^Vtgofl*)^ AJ--*V #^Hr JL^S\- ^^^}M. A > 
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<30> ji^sj- ^^^l^x>* ^^t-l^ofl -g--g-S>7l ^*>**HI ^^*> 

^ ^ SUSL^- ^ *fl-f #jS-^4. ^*I^*Hr ^ofl nfl 

o}]# 4r£, 7l«a-ofl ttJ-EHi ^ ^l^o) 37l l ^W. 

«fl B^ofl D |*l±=. ^(^1- #13, ^^*Hl£ ^iHI *r 91°) °\ °1 

fif ^ D J:^M 71 ^*}<^ -g- ^^H^r b^o} zj%=# ^JL, ^4 

^Hl 1-^ <>1 ¥ #^17> ^ ^ -g-o] 5^ ^^H^ 

^* ^-0. ^^*>^ ^^M: ^B^H 2mm ^»l§]-7> 5] 51^- *}±t 

<3i> ol^Hl^lfe £^-8: #3:^>^ ^*Hl-& ^-^ AS ^^^4 

<32> £. 2a^ Jl^Bf ^r^^l-^7>>l- S.X\$jr ^ ^^ll- AT-cut 

ffiS ^>€- ^IIS. Sjo] 014. ji^sj- ^ ^1^^(20)^ ^ ^ofl^ ^(21) 

sa^m, 01 <*n*\ -a-^fe #°*m- ^ 

W ^51 SU, ^ofl #°*h§- 7HH ^ ^ofl ^1^-* -B-s^- 

AT-CUt ^ ^^^^ #£r<HH £r£°1] 4€- ^2Hr£] t^7> £1*1 ^3. 
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jl-fr *i^r7} 2 MHz 5.^ ^^1^ ^ 0.85 mm°fl sfl^W. 
<33> £ 2b^ £ 2a ^ Ji^s)- ^^^l^f^ ^^r^-i- M-Eftfl ^l^Rr «o v ^=* 

^*>3 ^1^1 7H> £2.t}. ^lE-SL ^^7^ 

7r£3N ^^]a]^o> a. ^(sensitivity)!- ^ 

<34> £ 2 C TT f^H ^^l^*}* 3.7fl *>7l ^^^1^- 

7>(20)^ #°<M1 ^^(22)# >*fl$H -t<y 3* 1: ^ fc^. ojufl e^s} ^zj-ej 

ol ufl-f £*r7> sq^cJI, ^<*IHSr ^^Mll- *l--g-*M ig- 

^2] *}£tK #S«3JL 23^ M-^^Cf. 

^ °fl-f 7>^^l7fl £t}. ^R-tb^- ^HHHfe ^ s.<8=sl ^ 

(Near field scanning optical microscope)^ -M-g-^th 

<36> £ 2d^ -g- 1^2} 5. ^ ^HS^i, ^r^^l^7>(20)2l ^ojefl ^ ^-g- ifl 

^5^. ^-fr ^3)3 ^^7Rr 7J SL^MI 
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«H ^SJ-i- -f , *> = *1 ^ all zlc}]s. ^°fl ^i-g-o.^ 

Q ^Tfl #<Hlr* ^ 5M. nq-^i ^3 3.71^ ^^(jacket)-i- 

#2fl^ (cladding)^ ^l^^uf 3. ^ .g. ^ofle^ a>-§-^ ^ o_ 

<37> £3a ^ 3b^ ^- jh^b}- ^^^M- ^ 

Ji^tf. S. 3a^ £ 2c°fl £A]tlr ^r^-S^M- °}&& #^gt<l 
^-8- il^^. ^^^1^X20)^] ^^Ml(23)# >M--§-*M 1H)(22)# 4fl 

^-^^-^^-Ei ^V^l tt ^ "J^^^BKbeam spl itter)(3lHH 

3. ^<tfo} <^^-# SJtJMU ZL <3nKpolishing)^ ^ 

^ ^ a tj-^- « 0 >^ 0.5. ^ ^ (ofl# Indium Tin Oxide)!- hi 

<38> £. 3b^ S. 2<H ^^^V* °l-g-tb e^^J- ^> ^-^^d]^^- ji^nf. 

o)-H5K ^<y-o]i #o^a-] ^0.(24)1- zl o}^ %m ^ 
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v A^r ^oj-i-o]^ #o]z%. ^(30)0.3.-^3 zi^ ^ol oj A} . 

tH^^fe lifti^ , Hi-^ ?1 #3(33)1- ^ ##*m34)S ^ 

<39> £ 4^ ^ 31^4 ^^4» Oj-g-t}- ^4^434 T^-i" 7fl^ 14 

3^ 3.4S°13-. 5E.a1€ wffij. ^o] ^^l^:^^uflclxl(44)ofl <^^^ ^31^4(20)4 
^ #^-(21aH ^4^tH3 71(40)^3 ^^43 -H-S-^^Ml Sfl^Rr AC 
(v 0 )* 7>*>^, ^^^1^>7> 3l -§-<*} Jl 33^i ^^^l^H -f-^ ^(22)51 ^^-tb 
cf. ^-^o] a] .5.(45) ol^-S^'H 33 =L ^^l 3$ 

^(v)^ 3^ tH^r3 #^(21bHl *HI€th ol ^<y-( v )^r ^1^(41)1- 7]x\ 
^.ojro) tijBil^ DC ^lS(a)!- <&3L, ^ ^3 7l^^<a-^«.( 42 )o 1 71 ^^<y- 

(a 0 )3 *H1 3313^ 3^:3 (43H3 3£-£ (3* PI 2:^3 o]5|ji 

JL^-AS. ^-(V pzt )333 PZT33*H37l(46)<>ll ^17]-^ S)^<y ^S7f ^^tf. 
<40> £ 5^ t£^o] ^^#3°H Jf3^1 #^3# Al^ofl 7>7>ol 7>^^r nfl # 

%>3 ^1^1 3-e- ^£^#3 *i#3 #^3-^ ^-a- ji^ji sa3. H3 <i33 

nflfe ^3 o.^£)^n} ) 40 nm 3 3 3. 7>333 1 3 ^3 #3^711 #^v} . 

3 30 nm3 ^3°H3 3711 #4^1-5.3. 33 ^ -4033.33 ir£ 

3 D J^l^-§- 4 1 &3- 333, ^S. ^ilii.^3 Al^ B^o} 71211- ^ 

^ , £. 4°fl £3€ 5)^1- 4-g-sH 1^3 Al^o^ 331" «a^*>7fl 2:^^" 

^ 5£3. 

<41> £ 6a ^ 6brr ^-^3* ^3t>- ^ ^3C£ 2c)» 4-§-tb 3 ^#3 AFM# 3-g-3 
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^ X^-fr ^t^r* J±<*l ^ £ 6aTr M-HfilJl SJo.^, £ 

6b^r error signal^- iL<^JL &t}. *\3.3- Compact Disk (CD)-& ^-g-^JL ^ 
^ 55^n 2 , ©l^^b 7^-^- 0.5 mmol^cf. °1 °1 D l *1 1- ^^01 4i-9.fl ^1^^ 0.4 

^d] «.^>^cf. o] ^xy l.2mm/s°T| ^, ^Bfl3 fr^^l-fr *r-§- 

t> ^-fUcf loafl ifl*l lOOtilH ^*Kr #£2] Ji^t}. ^ Q a 9\ ^ ZL^ 

#-g~^ J±*} ^aL 5^. 

<42> 51 7a ^ 7dtt it^ ^Al^Ai afl^ 2d)# A>-g- 

tr ^> ^-^-^d]^ zieflol^ (grating)^] £ 7a^ 

5flol^^ 7.4 >7.4 /m 2 ^ 0.42: ^g-*H 51 7b^r «fl#^r %<*H , 

1.8 *L.S m 2 $\ 2i£ ^ o.^ ^ *fl^"£# J±<^j1 ^tf. 

&<L£. £5^H= Jl f^fl^^S ^ M fJO.S.*) #5], 3}-*}-, ^#4 ^£ 

^ ^ 4*)-^ <=>>M2r ^5i^, -g-g-^ &OW ^ € 

^l^O.^ ^#^>7lofl nfl-f 3]--^ 3.71 o]t^ > 7)^9] ^ ^A> ^ AFM°] M" 
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21 SH DNA^I xflxs) §<g ^ %-g-°l 7lcfl^4. 

#^ 711^-4 €- *>jl M-^ a.7ls] t^i- ^Al^O.^. 
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1MHz ~ lOOMHz^ JI, 0.01mm - 2.0mm^ ^-v\]^r ^ -H 

4 ^ ^ 4i*h 
2] 

*U%H1 54^, ^7} 7}°-$] Jf*^ a^a-\ Jfa}-^ 3^ s. 

[3^8" 3] 

4] 
5] 

^8°-3. ^ JL^r ^HSH^-g" £-7}. 
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[3^*8- 6] 

81 

l^tt 9] 
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IS. 3b] 
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[£ 7a] 




[5L 7b] 
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